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to 38 years. Three were right-handed pitchers, and one was
a left-handed pitcher. Only one pitched underhanded.
On admission, their complaints included fatigue, numb-
ness of the arm, and coldness or ulcer of a finger. No brachial
artery pulses were palpable in the affected extremity.
The axillary artery was examined preoperatively with
ultrasonic duplex scan and conventional angiography.
Studies revealed occlusion of the artery in all four patients
(Fig 1). The occlusion of the subclavian and internal
carotid arteries further complicated the injury in patient 2.
Report of patient 2. The case of patient 2 is
reported in more detail because the vascular thrombosis
in this pitcher was highly suggestive of the likely pro-
gression of this disease.
In 1979, a 19-year-old, right-handed, overhand-
throwing varsity baseball league pitcher first noticed cool-
ness and numbness in the second and third fingers of his
right hand, which were most pronounced in cold weather.
Two years later, when he entered into a company league
and resumed pitching, he noted further exacerbation of his
symptoms during the winter. This prompted evaluation at
an outside institute, where an angiogram revealed stenosis
of the right axillary artery between the origin of the poste-
rior humeral circumflex artery and the subscapular artery
(Fig 2). No intervention was undertaken at that time.
In 1982, the heavy feeling and early fatigability of his
right arm and shoulder worsened and were troublesome
even during warm weather. After completing the season,
he underwent a second angiogram that showed occlusion
and aneurysm formation of the subscapular artery and pro-
gression of the axillary stenosis, consistent in appearance
with an intimal dissection and the likely site of the original
thrombosis (Fig 3). To correct the problem, he underwent
his first surgical procedure, an excision of the periarterial
tissue for denervation of the right axillary artery. The oper-
ating surgeon had hoped to improve the peripheral circu-
lation in a manner similar to that achieved by denervation
of the femoral or carotid arteries in the 1960s.
Obstruction of the axillary artery in baseball pitchers
results primarily from damage to the intima caused by its
repetitive compression by the tendon of the pectoralis
minor muscle, the head of the humerus, or both during
pitching.1-3
Baseball pitchers presenting with this injury have been
treated in a variety of ways by the surgeons to whom they
have been referred.1-6 Currently, there are many options
available for vascular treatment. Nonetheless, no clearly
superior reconstructive method for this unique injury
appears to have been established to date. This is troubling
because athletes not treated appropriately not only are
often forced to retire, but may also have a catastrophic
complication such as stroke.5
To relieve the arterial compression, we performed
extra-anatomic bypass grafts in four such baseball pitchers
more than 10 years ago. To confirm the effectiveness and
the safety of our surgical procedure, we followed up the
postoperative course of these pitchers since the time of
their procedure and recently evaluated the current state of
the bypass grafts.
METHODS
Patients. We operated on four Japanese baseball pitch-
ers (2 professional, 1 company league, and 1 varsity league
pitcher) for occlusion of the axillary artery between 1983
and 1989. At the time of surgery their ages ranged from 21
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Objective: Our goal was to evaluate the long-term results of vein bypass grafts for axillary artery occlusion, specifically
those placed extra-anatomically to prevent arterial injury in pitchers.
Methods: With the greater saphenous veins used as the selected conduit, arterial bypass grafts were routed anterior to the
pectoralis minor muscle in four baseball pitchers who had occlusion of the axillary artery. We performed a follow-up in
excess of 10 years with evaluations of the bypass grafts by ultrasonic duplex scan and magnetic resonance angiography.
Results: All four pitchers treated in this manner returned to the game and played for several seasons without a recurrence
of the arterial injury. Long-term evaluation of the bypass grafts did not reveal any structural or functional disorder.
Conclusions: Axillary artery occlusion in an athlete can be effectively treated with a vein bypass graft placed extra-
anatomically, anterior to the pectoralis minor muscle. The greater saphenous vein should be considered the conduit of
choice. (J Vasc Surg 2001;33:797-801.)
One year later, however, he became comatose while
playing soccer during off-season training. This led to his
third angiogram, which revealed occlusion of the right
axillary, the right subclavian (Fig 4), and the right internal
carotid arteries (Fig 5). We think that the angiographic
appearance of the carotid is a result of a retrograde prop-
agation of thrombus from the site where the embolus
lodged. The embolus undoubtedly originated from the
subclavian thrombus by way of the innominate artery.
An anastomosis from the superficial temporal artery to
middle cerebral artery was performed at that time. He pre-
sented to our facility 5 months later for elective revascular-
ization of the right arm. Although computed tomography
of the brain showed two low-density areas in the territory
of the right middle cerebral artery, they were associated
with no focal neurologic deficits. On April 19, 1984, revas-
cularization was accomplished by means of extra-anatomic
bypass graft.
Surgical technique. The first portion of the axillary
artery was approached by making an infraclavicular trans-
verse skin incision, carefully splitting the pectoralis major
muscle and retracting the pectoralis minor muscle laterally.
Outward traction on the axillary artery with vascular tape
made handling the artery straightforward. The brachial
artery was approached by a second transverse skin incision
near the axilla, not entering into the hair-bearing area.
In each of these four cases, a vascular bypass graft with
a segment of proximal reversed greater saphenous vein was
routed anterior to the pectoralis minor muscle and poste-
rior to the pectoralis major muscle (Fig 6). This tunnel
was readily created by the surgeon’s finger. In three cases,
the bypass grafts were anastomosed in an end-to-side fash-
ion to the first portion of the axillary arteries proximally
and to the brachial artery distally.
In patient 2, patency of the first portion of the axillary
artery was restored with open thrombectomy. Recanalization
of the subclavian artery was accomplished with a ring strip-
per, thereby permitting end-to-end anastomosis with the
proximal end of the vein graft. In creation of the anasto-
moses, we took great care to preserve flow through all patent
branches of the axillary artery in each case.
Postoperative treatment. After surgery no patients
required anticoagulant or antiplatelet therapy. In all cases
rehabilitation of the arm was started on the first postoper-
ative day. Angiography was performed 2 weeks after the
surgery to identify any technical defects and ensure
patency of the bypass graft.
Follow-up examination. We recently interviewed all
four pitchers about their postoperative course and ques-
tioned them about any residual symptoms. We determined
the current state of the bypass grafts with ultrasonic
duplex scan and magnetic resonance angiography at an
interval ranging from 10 to 16 years postoperatively.
RESULTS
Ischemia of the arm disappeared in all four patients
after surgery. The postoperative angiograms showed the
expected appearance of the extra-anatomic bypass grafts
arching anterior to the pectoralis minor muscle (Fig 7).
No extrinsic compression was identified in any instance,
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Fig 1. Preoperative angiogram of patient 1, 33-year-old profes-
sional baseball pitcher (overhand thrower). Occlusion of the axil-
lary artery.
Fig 2. Angiogram of patient 2 (overhand thrower) at age 21,
revealing stenosis of right axillary artery between origins of pos-
terior humeral circumflex artery and subscapular artery.
and preservation of flow through the posterior humeral
circumflex artery was confirmed in all patients, even when
the arm was abducted (Fig 8).
All of our patients returned to the game. They were
able to continue playing for as many as 9 years in one case,
7 years in two cases, and 3 years in the case of the 38-year-
old diabetic patient, who retired at the age of 41.
In all four cases the magnetic resonance angiograms and
ultrasonic duplex scans performed up to 16 years after
surgery showed normally functioning bypass grafts just as we
predicted clinically. Ultrasonic duplex scans were used to
estimate the thickness of the graft walls, which ranged from
0.5 to 1.0 mm. The diameter of the bypass grafts varied
from 6 to 8 mm, with partial dilatation to 10.7 mm at the
proximal anastomosis in patient 1. No deformations, such as
aneurysms or stenoses, were observed in any of these cases,
nor were there any significant differences in blood pressure
between the right and left arms. At the follow-up interview
in February 1999, patient 2 told us that our confidence in
the results of the surgery had inspired him to throw the ball
without anxiety about further vascular injury, and that his
pitching speed had actually increased after the surgery.
DISCUSSION
Injury to the axillary artery by musculoskeletal struc-
tures is not widely recognized, though compression to the
subclavian artery has been well-documented in the tho-
racic outlet syndrome. Therefore, injury to the axillary
artery has been treated in a variety of ways. Baseball pitch-
ers presenting with axillary artery occlusion have been
treated in the past with sympathectomy, myotomy, percu-
taneous transluminal angioplasty (PTA) and thrombolytic
therapy,1-3 and various vascular reconstructive surgeries.
From a retrospective review of their cases, Durham et
JOURNAL OF VASCULAR SURGERY
Volume 33, Number 4 Ishitobi et al 799
al6 showed that subclavian injury was commonly caused by
a bony abnormality. No athletes were identified in this
group. Instead, all nine of their patients who were athletes
(6 major-league baseball players, 1 softball pitcher, 1 swim-
mer, and 1 weight lifter) had injury of the axillary artery.
Many etiologies of axillary artery injury have been
proposed over the years, and recently the mechanism has
become more clear. In 1945, Wright7 described a hyper-
abduction syndrome, in which the pectoralis minor mus-
cle compresses and occludes the second portion of the
axillary artery when the arm is brought overhead. Tullos
et al1 reported a case of a major league player in which
they described compression of the axillary artery brought
about not by hyperabduction, but by abduction, exten-
sion, and external rotation of the shoulder during the
windup or “cocking” phase of the pitch, producing inti-
mal damage and subsequent thrombosis. McCarthy et al2
blamed the pectoralis minor muscle as the culprit in for-
mation of branch aneurysms through its compression of
the vessels originating from the second portion of the axil-
lary artery. Recently, Rohrer et al3 attributed occlusion of
the axillary artery of a baseball pitcher to compression at
the third portion of the axillary artery by the humeral
head. Durham6 and Schneider8 emphasized the fixation or
tethering of the axillary artery by the humeral circumflex
branches combined with downward displacement of the
humeral head during abduction of the upper limb as the
origin of occlusion and aneurysm formation.
Our patient 2 underwent angiograms in each stage of
his injury to the axillary artery. We think that study of 
his angiograms offers support to the theories of the just-
Fig 3. Angiogram of patient 2 at age 22, revealing occlusion
and aneurysm formation of subscapular artery and stenosis of
axillary artery.
Fig 4. Angiogram of patient 2 at age 23, revealing occlusion of
right subclavian artery and axillary artery.
mentioned authors; however, we submit our own theory
that builds on that foundation.
The mechanism of injury to the axillary artery in such
athletes that we propose is based largely on angiographic
findings in our four baseball pitchers. We think that the
stretching of the artery by the pectoralis minor muscle and
its compression by the humeral head might combine to
produce occlusion of the axillary artery. This hypothesis is
supported by the concomitant damage to both the sub-
scapular artery and the humeral circumflex artery.
Our extra-anatomic bypass graft traverses anterior to
the pectoralis minor. Thus, it is positioned so that the
humeral head and the pectoralis minor muscle can no
longer compress the bypass graft (Figs 7 and 8). There is,
however, the question of whether a saphenous vein graft
placed in an anatomic location, rather than as we described,
is equivalent in withstanding the stress of pitching actually.
Todd et al9 reported that they had occasion to examine
Tullos’ case,1 in which the route of the bypass graft was not
mentioned, but is thought to have been located anatomi-
cally. They documented that the saphenous vein bypass
graft was functioning well more than 30 years after surgery.
Durability of a vein graft placed in the anatomic route and
subjected to the stress of pitching cannot be assessed by this
case alone because this pitcher only returned to play major-
league baseball for one additional season.
McCarthy et al2 used division of the pectoralis minor
muscle to relieve compression in pitching arms. However,
as Rohrer et al3 pointed out, such a myotomy would not
be expected to eliminate the mechanism of injury in the
case of compression by the humeral head. The pectoralis
minor muscle pulls the scapula forward during the accel-
erating phase of the throwing motion. Hypertrophy of the
pectoralis minor muscle has been shown to contribute to
the arterial compression in pitchers, giving further cre-
dence to its importance in generating power for the act of
throwing. Taking these factors into consideration, one
cannot assume that division of this muscle will be without
effect on a pitcher’s ability to throw at a professional level.
Recently, PTA and thrombolytic therapy have often
been favored as less invasive treatments. To the contrary, we
met a patient who had a callus and Raynaud’s phenomenon
of the fingers for 4 years despite thrombolytic recanalization
of the occluded axillary artery at another institute.10
Another Japanese patient who had stenosis of the axillary
artery corrected with PTA was subjected to saphenous vein
bypass graft 3 months later because of restenosis.11 A
pitcher reported by Roher et al3 received thrombolytic ther-
apy, but required long-term anticoagulation after the pro-
cedure, limiting his activity as an athlete. Our patients with
bypass grafts uniformly returned to the game, as early as 2
months postoperatively in two of the cases.
From an evolutionary standpoint, our mammalian
ancestors stood on all fours, and our shoulders were not
designed for upright posture, let alone for throwing.
Discussion with our pitchers revealed that although they
were aware of the risks involved with continued pitching
in the presence of a vascular injury, they were willing to
accept those risks because of their passion for the game.
In vascular surgery, extra-anatomic bypass graft has
traditionally been applied as a substitute for anatomic
reconstruction to minimize surgical invasion or to repair
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Fig 5. Angiogram of patient 2 at 23, revealing embolic occlu-
sion of right internal carotid artery with retrograde propagation
of thrombus.
Fig 6. Bypass graft with greater saphenous vein placed anterior to
pectoralis minor muscle and posterior to pectoralis major muscle.
congenital malformation. Our surgical procedure, how-
ever, is an extra-anatomic bypass graft applied with the
intent to compensate for the limitations of human
anatomy (ie, the structural disorder brought about by
“overwork” in an activity that is peculiar to humans). In
this respect our surgical procedure is a treatment that
introduces a new concept. We hope that the success with
the extra-anatomic bypass graft will be further corrobo-
rated by other surgeons who are confronted with the
dilemma of how best to manage axillary artery occlusion.
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Fig 8. Postoperative angiogram of patient 1 with arm in abducted
position. Note bypass graft arching over pectoralis minor muscle.
Fig 7. Postoperative angiogram of patient 1 with arm in depen-
dent position. Vein bypass graft placed anterior to pectoralis
minor muscle.
